
(magnetoresistive effect thin-film magnetic head and manufacturing 
method of magnetoresistive effect thin-film magnetic head) 

^B^^SMf (FIELD OF THE INVENTION) 

*mwte, ^R^A-Hf^x^^-f^ (hdd) mwizmm*imT!&o. mmm 
mMt.mw.?imzmft&Y>*)]/m%mm%z (tmr) m^x\tmm.^mmmmmm. 

XMM&$i?)s$k (CPP (Current Perpendicular to the 
Plane) — GMR) ^^{i^fe^lgm^ (MR) ^TkXS^CDM 

MM&ffliOWi.BM (DESCRIPTION OF THE RELATED ART) 

| ^4-10301 TBmt&nmm/mt&&mm/±B&Bmmmm£: 

f GMRif (m%-\*. W. P. Pratt, J r et al, "Perpendicu 

li] lar Giant Magnetoresistnce of Ag/Co Mult 

Si i 1 a y e r s ", PHYS I CAL REV I EW LETTERS, Vol. 66, 

* No. 2 3, pp. 3060-3063, June 1991) j&*&BSnTV>S. ^fi 

SI ^©^TO, f|^j»e®fc»-oTi!fEnS— JRW^GMRSI^ (C I P (Current 

O -InPlane) -GMRif) KJt«LTffcte:fc#&MR£rt;$Sj&*#£n» b^fe^ 

ilH -WiM^tt-SC I P-GMRif ^ABS (*£±B) ^[pJ^^Bfeia 
X&<£> 0 

iwih^^t, i o \-xrm^—)i 1 1 tttfiiRtt-^T^dt^nfeTW^-v y^i, 

^t7^I> 14«_hgB">— 1 5JiA— hVVf 7Xi. i6tttii^n^n 

t>Xl®lGMRMftl 2(DftB®<i:¥tf(C^n> T8&;fttf±SB~>-;i' HB 1 OR 
tfl 4 tGMRtlftl 2i«Tte±Mf 7^11 1^13Tt»:il^tl 

£©«k5ftC I P-GMRm^K&^T, Sfe^^ y ^bS^STSfcfetCtt, #fiTK:» 
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0 -»iI$ft5TMRifXfiCPP-GMRif^AB S^IrJj^S J!, 

m<DTU#*y7m* 2 2ra«iii (7U-1) /h>wj7i/±M 
mmfcxitc p p - GMRii^ zmmmizm-o ta— hvhtxi 2 5 7j^«s^ 

^CD i^^TMRif XtlC P P - GMRif t*3^T(l -fe >X«»?t£:^Jl® £MC 
^lR»C«E-rfc«)^TSI5^— ;W KB 2 0 RtfJtSBS'— ;W KB 2 4 W^*^JC#5ibT^ 0 , 

jj 0 I P -GMRm^&mffim&m-V&lO. 04(iTMRifXttCPP-GMR 

" m3frt>WZfr<D£.?iZ, C I P-GMR3mc35tr>TfcJU tii^Jg^fSItCttGMR^ 

TfiJfflT^^3t©TMR^X«CPP-GMR^('*5^T«, tH^Sg^lBlJCTMR* 
H TOteC P P - GMR^©^«trLR TMR (D^^S/— KBP^©^ A°S>^ >7C Shi 
e , d Sl^TMR|fXttC P P - GMR^g#:cD^r^A 0 >'^>XC TMR ^#^EbT43 
^tl^^n-/U7^;^$Mt5fi:^oTMtt#tt^b<^bbTL,^5„ 

^§^©g^ (summary of the invention) 

fX^CPP-GMRif^i^ MRliillA^ K&tPe-©«je;£Bs&JitHrrs 

ZL 2z iZ $> <5 o 

a&^y^B^ TMty7*S±tM$ntfeD, «BffifcM^ftK:«aEaWiS 
MRilfti, ^OMR«B#:±^«B^Snfe^«ltt#*fr©±g|J^-V'!y^ r B^. '> 

&< <h %>tsp>'-;w KBRtf-tfiB^* ^ yBratc^$nfc«fiiiii:flc<o«M*^^ »;7"it, 
-bgp^^ y^"B±tc:5ttB^$nfc±aj'>— ;i/HBt&«jiT*5 0, MR»i«ftt 

jr#b a^ric $ nr a m r iiia^^ y k . 
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Fm^©^&f&#f££^T0T&3o fciEU TMRifXttCPP-GMRif 

tB^d*3dB<£T"rS*y ht7Mtf ctt, S§^ffi^R TMR ©if7U;:#oTM4>U 
fc>500MHz i:t?.fcfelCfl fPffl&iaRTMR^ 5 0 Q&Tfcb&W-nfcffc^fc^. 
100Gb i t s/ i n 2 i^±(DfE^^CDTMR^(C43ViT«, ^©i^Wif 

P zmicatLT, 0 6^^>BJ^^©cfc-5fC, y-^h'If»tAy^>XC Shield = 
I lpFO«^> iffittR TMR ^3 0 0 QJil±^oTt) f c>5 0 0MHz 

£^b<ft±£i±3£<h#n*£3©-r&3 0 TMRifXIiCPP-GMRif© 

%j iiJnO«6i»#:S^, MR^S#:^#&b^V^tt{3^ViTTgB>—^FS^^^e>nfe 

IKiK^y KO$!ijfi^fe"r*oT, T^y-^HI^Mt, MR*t«&#W/&2*l&^ 

y^a*MRj«JB^^$ns{ftBOTaK'>— JWFJi±»c^b, Ti ; ¥t!y7 , l±i: 
MRlIft^Ml, TSB^* y ye&r/MR«S#*ffltrlftlt#:»z:«k*«fi»^^ y :/JB 
*TSB^— ;P'FB±»c^b, MRsatS^^Sn^V^iBt^ViTlftiR^-v v7°M± 

iz&tja<Dfflgti*m&Mi£is* MRmmitJBLZ£&M(Dmm&m±\z}mt!kmnit<D±ffl3r* 

y^m&l&J&ls. ±^t 7 T'iJiUl^y-^ Ki^Mt5MRIiiai^7 F£> 
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gBv'-^FJiJttcJMU T8B^*y:/»±KMR««#:&J&ricU TSB^-vy^SRtf 

^ttH^S 1 5:iix.fc C P P - GMR^i^TSS ilt^Wt bl* 0 
10 0®GDf®^fea&93 (BRIEF DESCRIPTION OF THE DRAWINGS) 

# Hltt, -»J:iji^fnC I P-GMRif &ABS» 

Ly 

^ 02U> mzm^Tc^oiZ, -Wcfiil^t^TMRif X(iC P P - GMRif 

5 £AB S^[F>]^£>mfc0T&£ ; 

p 03H UEKlifi^&JcSfc:, C I P-GMR*^©^tifilIli&EIT&£ ; 

5 @4lt SElCj£^feJ;"5lC, TMRlfXKC P P - GMR* J F©^il5iaK0 , r*S ; 

08ft 0 7©A-Ailf®ra§ ; 
09ft 07©B-BiiSra§; 

01Oa~lOkft Sll©^Jfi»«tC^ttSTMRS!S»Kflai^y F©i85iX@<7)— 
011ft ^BJ©^2 0^1fItbT, TMRifil^A^ H©T^y-^ HI, 

±^-)i\^mRzs^-^m^^(Dm^mmm\z^^mm'v$)^ 

01 2 ft 01 1 ©A-A^|ff®0T^-g) ; 
01 3 ft 01 10B-BW®it*§ ; 

01 4 a~i 4 i ft m2<Dmmmm\zm-f^TMRmmmmm.^y fosjsxis©— 
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mi 6\t. mi 5©a-a$h$tmeit&£ ; 
ffi&mw-rz>mwm~e&z>o 

tt?£.L>\s^ti&]&M<DW$% (description of the preferred embodiments) 

m§w^^T¥®0"e^«5> m8tem7<DA-Am%rmmT°&?). m9\$m7 (DB-Bmw 
- Fmfc£ffi?mm<D&tfmzft^<Dmzm^&&m'£tiT& o, @8 Rz$m 9 -m±g& 

£ ^^tlA 0 ^-->^^$nfc:TMR^jl#:, 7 3 «4>&< t. fcTMRW 7 2 _tfc 

its 3±c^(D±Mt7 7i7 3 tmm.mzmm^xmmm^nr^m,mmm<D±^y-)v 

*' FB, 7 S^E^Wfc^O/^TX^^^-r^A— F/\WTXS, 7 6HTMR 

p 7 tera 7 6 rt^^w^»^a^63A^TJ^^$nfcii^JD(D^#:)B, 7 8 nMiiwomm 

® #17 7S.OT^'>-;i/FIB7 0_h^, Tffi*rVy7m7 l^TMRtIft7 2£I&«9 

m 7 \z^x. i*t>\z. si ^TgPx-ji' 7 o ^m^ftf^^nfcfg i © 
tfT^-;^^ 8 2 te-iWfg i ©if 8 1 (Dmmz.mm.mzmm-zntc.'m 

1 © <J - K3f#, 8 3liilO'J-Hift8 2 ©te*Ba**^WK:8HBIi£n&SI 1 ©58^* 
m yf), 8 4 tt— Jg**_LgB ;U F S 7 4 »d«fCWfc«JgK$ nfcfg 2 © U — F 

8 5 fcfc— SSang 2 © U - F3*# 8 4 ©d&JffitC«^CWfcg?ttSnfc^ 2 ©If T^-;i/ 
8 6te-^lg2©tfy*-;i«fc8 5©ffi«8JC«^CWtCg5IIS^nfc^3©'J-F 
8 7 km 3 © U - FS# 8 6 ©ftflWSmWKl^cSnfcfg 2 ©affi^M (}g^A 0 

y F) ^^nfn^it^s. 

(tf>F»h F>^;W1UT^S.^±^mi4^B (7'J-B) £ ^ 5 £ 

±3B3a«14#l»EB (7'J-i) tt, ^aRK«trti;«FbTg*tcHK<k©lRj€r 
*^feS<t-5tc«^$nT*0, T«K3ft«tt»IKS (tf>FS) tt, K3ft«tt»BIJa£© 
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T^->-^ HI 7 0 R^y-;!/ HI 7 4 NiFe (/WD-f), t>^K 
CoFe, C o F e N i X^C o Z r N bf IilX^iii«$n§. mm 
te, 0. 5~4/im, »SL<«l~3/imTi55. 

T^^yy°m7 1 RDUigB^ y :/« 7 3te, «t£3$«#:**£k ^«Ta, Cu, 
Al, Ag, Au, Ti> TiW, R h , Cr, In, Ir, Mg, Ru, W, Zru P 
tMngKHRuRhMn, Xte J tnz><D&&-Cffif&ZnZ>o §£J¥te, 5~7 0nnu 
£f£b< ttl 0~5 0 nmT^S. 

-m) \ts Mx\f>ft&ttn^mtfrtr%>z.hifiifftzv<* mxu, Fe, co, nl c 

oFe, NiFe, C o Z r N bXttC o F e N i «©#I«lXfi#iil^ffll^n 
TgP3^14«MH (t!>H«) G>JKJ?«U 1-lOnm, ^b<«2~5nmtS 

J 2~50nm, jfSL<tt4~3 0nm^5. £<Z>B!J?jW5K & 0 H»Jf£ 

c | R#<&m;&j&*teTbj&vQA\>i/*A£^ bus** 

feQ TMRfI#7 2C*3^5h>^^tU7lH A 1 2 0 3 , NiO, G d CX MgO, 
Hjj Ta 2 O s , Mo0 2< Ti0 2 XttW0 2 ^«$tl§. IKJStt, 0. 5~2nmgg 

p £b<&^ 0 

v3 TMRiI#7 2fc*ttSS3lHKttl»IKett, ^PtMn, RuRhMnti^ 

mncDmmfcm 1 1 . mm.^*? v y°m i 8 , mi ommwm i 9 msm 2 (omm^m 8 

^ 1 ©t:7*-;W8 1 5 , mi. m 2 RZSm 3 O'J - 8 2 , 

8 4 8 6 , mmzm i jkxsm 2 om^nm mw^ y n 8 3r^87h cu, a 
1, AuxttAgM^n?). &jEu — «a*_t6B>'-;uFJi7 4imw(«$ 

nT^^2CD'J-Hi#8 4£, JKDiSBS'— ;P FS 7 4 i|plDTOT*MbT i fe < t^. 
^W^aBK^tSS^fctf-Y > Mi, MR«I#7 2##&b&V*<fcttK:cfe^TTSB 

£<h{CJ;D, TBI5'>-;i/K«7 0W±^t7 7°I7 3|BIO|g(l|d^SW»:i|^t5«fc 
HI7 4©«&£^rrs8P#©®8U BP^+t / V>^ i l/T*l!it5*ffiffl«ttS = 1 0 
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2 3 0 /im 2 (CAD\Z&Z>m-Wm) tab K) > TSB~>-;U 7 0 Rtf±SB*>-;P F« 7 
4Pflfl5=lr^/t^^>XttC Shleld =5. 2pFT^0. * y h^"7»»»[ f C \t f c = 
2 3 5MHzta5ofco fcjEU TS^-JI' FS 7 0 RZf±^—)l FJB 7 4 fflOEBHtt* 
110nmT?»t), ^©-5^, A 1 2 O s \Z v 7 8 (DlJ|« 5 2 nmT 
*tK G3ffl7 6©«S<*ttl 5 0 nm, ^oTiiJP©lfe^« 7 7 ©BIJ?t> 15 0 nmT55 
0, U— K8l£^irTMR^y F©ffita«R HC A=l 3 0QT&£. Jl/KBRfl 
*WV>^>XC Shleld ;Rtf;&y h^-^j^^f ctt, ^iJbT^H-^T^Tfe^^ 
-SrT*. «f)R«*7ht7M»fcttfc = l/ (2 7cR HGA C ShleId ) 
T?#^>o ^XtttHft-ffl^fcTMR^y Fte, fOTMR«I^Tll!litl/TN i C 
r (3nm), SSUKttiSItbTP tMn (14nm), Tg&3iH&tei§JgUf (£>F 
Jf) ilTCoFe (2nm) /Ru (0. 8 nm) /CoFe (2nm), h >^;i/A 
'J7ltUA10x, ±aB3§HBH3:?5llJIS (7'J-I) tbTCoFe (2nm) /Ni 
Fe (4nra), +t7^1ibTNiCr (3nm) £0#«Jibfc#|j££#LT^S. 

-75. mwmmtem 1 1 &mtffc^$tte&ffi(Dm&. c Shield =io. 2 P ft& 

p tK f c = l 2 0MHzTSofc. tot, ^IWanH C s h , e , d 

P '' 01 0 bkl^rrJ^ fc, ^-(D±{^A 1 2 0 3 fc«k5i|fc»#»£riciBtU CMP8lg£fT'3 

d^f'^oTSS^TO-ftbT, Ell 0 cHST^t^l©Wi7 
p ^0±i;i/yXh»ifb/^-^>^ts:ti:J:O, TMR»7 

J 2 <D&&\sfc\ f *tiLmiZ&ttZ>Tmz/—)\' FJi 7 0 <£>— SB^MP Istc, 0 1 0 d fc^TZTi 
g h;^-> 1 0 0 *MtS. CKDl/SxX F/^-> 1 0 0 ^lT-f 

&^t\ miof\z^T<k?\z^(D±izA\ 2 o 3 \z&zmmi£m&j&mvtc'&, 01 

iI#I^Hit§. CMP*M£fr -5 £<hlcJ;oT^®£¥*HttLT, 010 

010 Tffl5^-;UHB7 0 tf)ffi5£ftfi{C, TWt7 7°l7 

lS^©±CTMRil#:7 2Mt5. Jfc^T?, 0 1 0 j fC^Td; "5 {3, TMRi 
S#:7 2 ^/^-^>^LTi^/<i:t*Ml, T^t7 7*!7 1 TMR^Sft: 

7 2 <o^m<DT^—)i Fi7o, muiMDfflkitm 7 7 1 <otm.wm 7 9 ±i:a 1 

2 0 3 \Z<kZ>%&m* J rv7m7 8 

A-H7^7hl7 5 (0 8) &Ml&l,fc'&. 0 1 0 kfcTK-TckSK:, TM 
R**J1#:7 2±t±^f 7 7*17 3 Rtf_kgB:/-;i/ FS 7 4 *MtftfTZ> tmz Z\ftP>± 
»^y7'l7 3R«±IS5'>-;1/HI7 4©^M©*fi»3r*y:/B7 8±(CA 1 2 0 3 K: 
J;Sffi2©*fi»#Ji8 0 Srffcirrs. 
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WWCitfllTfeO, 01 2fi01 1©A-AMIMD> 01 3 teEl 1 1CD 

B-B^Bff@0-e^-5o m i i-e«Tgp^>-;uHSW±^'>-^HM^^n^^ 

&2>o fer, mi i~nii 3t3^v^T«, m7 ~m9 h\%m<Dmf$.^miz.umv0m& 
mfitt2tix\<*%>o 

p ±\zmmzn/^-~>¥Mj8,2ntcTMRmmfc. 1 2 3ttTMR»i^7 2&tfjijn 
£ 1 2 7±^;«e^$n^«tt«m^<j:^)«^fflcD±^^^7 o ®, 1 

2 4fi±Mt7yn 2 3±n^©±^t7'/ii 2 3 tmm.mzmmvxmmmm, 



® 



7 8ttTSP">— ;i/HS7 0 ±iz. T8B3= * y :/Ji 7 lRtfTMR»i#7 
2*^0H^^Snfc*6i»^J;S#ajg!:^^y^e, 1 2 7(JTMR»Ift7 2**# 
ffiL7^^^e^*3^T^^^iyyS7 8±£^3n&Mini©iie»#«. 7 9 fctTBB^ 

-;vfi7 oo^fiatc^^nfe^i 8 o y?m 7 8±x$>-ox 

m -tas^^ i 2 3 SLZ>'±gp~>-;i^ HH24 (Dfrvwizm&'ZwsLm 2 

" Hllfc^T, 8 1 «-a^*T^y-^ HI 7 0 tt^Wtil^nAcB 1 
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©tfT^-;W##, 8 2 te— Sto*f6 1 ©lf7*-;i/##8 1 (DfM^ttmW^^nfc 
fg 1 <D U - FSffc, 8 3(^10'J-H^8 2 ©ffiW«IWl:ii$nfeI 1 ©SITP 

n@ (&mn v H)» 8 4 s^_b^>—;i/ ki i 2 4 nfcm 2 © u 

-F##, 8 5tt-»20'J-Hi^8 4©«tmmW^^$nfc^2(Dtfy^ 
8 611- «8*^2©lfT*-;P»<*:8 5 ©ffiSKltt^WKJgJiasnjfcSS 3 (D U 
- 8 7 3<D'J — 8 6 ©M^^lftK^^nfcfg 2 <T>ffi?W& 

TMRiM7 2fi Httt^SnT^fc^**, SMIII, TSB3fiflBtt»fl£Ji 

ma <D&&m&n^ rxm^ iz&^x. * nmfc^fatmttsfa \z raj < <t 5 \zrnm. £ nx v > 

TSR->-;WHS7 0&t>*_tg&->-;l/F/l 1 2 4H NiFe (A-TD-T), 
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K CoFe, C o F e N i X«C o Z r N Of HfIX«#IM«$tl5. 
Blfftt, 0. 5~4^m, ^U<ttl~3/imtS§. 

u , A 1 , Ag. Au, T i , TiW, R h , Cr, In, Ir, Mg, Ru, W, Zn, 
PtMnfKliRuRhMn, Xte^n£<0^&T#|j3G$n«. $£J¥te, 5 — 7 Onm, 
£?£b<tel 0 — 5 0 nmT^^o 

TMRii#7 2iz&\f*Tm&m&mmm (tf>F«) ^^±^3«^^e (7U 

— S) tt. ffiX£>#ffi*mT#J*i-£££5&*$?a:b<, Fe, Co, Ni, c 

oFe, NiFe, C o Z r N bXttC o F e N i ^0#IilXtt#IiSd<ffll^n 
£<, Tg&§ft8H3i»ffilE (tf>HS) ©JUiPte, 1-lOnm. ^K(J2~5nm1!S 

n^i< ^ o t^s ^tmr w»>t5. ±au3fi«stt?*iKe (7U-D (Dmm\z, 

2-5 Onm, ^K(J4~3 0nm^^ £ ©BSJSjW? < & Of^fS FSjf£ 
U# © ffi # jWST b fr-o; VI ? A if > / -f X3* \z^-oXUji] OT£ j££j&**f b , JKff a* 

g TMR«Ifr7 2 ti5^?> h>^M'J7ltl A 1 2 0 3 , NiO, GdO, MgO, 
J| Ta 2 O s , Mo0 2 , T i 0 2 XlJW0 2 ^ei^$tl^. ISfl 0. 5~2nragg 

TMRW7 2l:^lt5MttlllH mtfP tMn, RuRhMnt'i^ 

MiP©^#:g 12 7, y^I78. ^1 O^iftl 7 9 Rtf^ 2 Oi»#Ji 

8 0(1 -»«Al 2 0 3 T«n5. 

ilMB2©k*7^-M#:8 1M8 5, II, I2R^30'J-Hi#8 2, 
8 4 5:1X8 6, Mtffcl^ 1 Rtf^ 2 ©$SI^«ffi (»7F) 8 3Rtf87fcl, Cu, A 
1, AuXttAgfTiUSns. fcfcb, — SMi/-JVHIl 2 4l:l^WHil 
^tlTV^m2©'J— HS*8 4S, £G>±BB>'— ;WFJ1 12 4 <h|W| DTOTMbTfc 

^ty^I7 8±»CjiJB©#6iR'»«l 2 7 «^nxi/^ H ttcj; 0 , TfiB^— ;UHB 
Ell lti^t^<!:$l2©il»^ > T&->— ^K«7 0±tCtt«T*±BB->— 

;ufbi 2 4©Sfi^tt^^o®a ip^+t/v>^ittiit5iliiiis = 

I 0 2 3 0/im 2 (CADfccfcSfUMI) T3y-i^l7 0Wlg|iy-i^ 

I I 2 4r B lO+t/ty^>XttC sll , e , d = 5 . 2pFT&D, *> y J3&% f c \t 
f c = 2 3 5MHz fcfcb, TrBv'— ;i/ FS 7 ORtfiSBS'-^ KB 12 4fl 
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• # 

(Dmmttl 1 0 nmt*D, f05^, A 1 2 0 3 »C«fc**fiili:4 s +' v^M 7 8 ©ISlPtt 5 
2nmT&«9> jiJn©«6ilS#S 1 2 7 ©Kfftt 1 5 0 nmT?» D» U- FH^tTTMR 
'xy K©ffi»ittRHGA= 1 3 0 QT&3o iiim©*6»#JB 12 7 

^ C Shicld =10. 2pFT*l9> f c = 1 2 OMHzTfe^^, ^JfiJBfiBK: «fc 
C Shiel d *««e*S«<k 0 0 /h£ < 5 £ £ <k& O MUS^y H £>J18i£$C# 

EI 1 4 b tC^-Tct o ^©±l:A 1 2 O s fc<fc5ite»#»£j3cl!JIU 
d£fc:«J;t3T^g£¥Mft;UT, SI 4cl:St^ifBl©ii#l7 9&Mf&'tZ>° 
p il4d^t<fc5C, TSB^-JUHe 7 0HTMt>y^l7 1 

*0 ^(&±©m^tefiK:TMR8UB#7 2&/&|giT 01 4ei:^tJ;5(:, TM 

J| Rfcg#7 2&/1*— — >^LT«^a5&£&^/£U TMRiIft7 2(Z)Mij0W 
!o t7^!7 1 Rtfm <&*ftlBH*g 7 9±^A 1 2 0 3 t<kSl&»^-V!y7 r e7 8 S^lgf 

! ! 

^ &v>t» A-h*7^7M7 5 (012) &mmvrc&* j t<D±\zuz?zbW& : &m 

> JtiL/'$?—~>tf'rZ>Z\HZj:D. TMRti^7 2 (DWtEVfe^&miZ&tf&mmirr 

R y?M7 SO)— ffl5j&*K§Pb&, 014 f HSt^i^l/^h/^->l 5 0 5:Mt?). 
c| #^T% 0 1 4 g^^TJ;^^©±tcA l 2 o s fc.fc5te»#g&j£IIIU&^ 01 

^5 4 h tC^-T«fc "5 U7 h^^^S^tf oTl/i/X h/\°^->l 5 0 &£PecD±CD^& 

§ *6»#S ; £l»*'rS. ^n^ct TMR«M7 2©#ffib^Vsfirfi»C*ttS#fiM*^-V 

-?-<£>^ 01 4 i fc^f <fc 3 fc, TMRiM7 2Rtfj&!ni(Diie»#gl 2 7 ±iZ±^ 
^t«^ll 2 3]fttf±gB>'-;l'Fgl 2 4*^-TSi:*cK:iine>±fiB^^y^Sl 2 
3 Rtf ±6B^— ;U HI124 ©nffi9©#6i»^^ -^17 8 Rtf^©*&»#JI 12 7±C 
A 1 2 O 3 £ J; Z>m 2 Oteigkftg 8 0 £/£®IT&<, 

01 5tt*^l8©^3CD^Jfi^fi8tbT, MR/W NX^D-h/W MMimitf© 

mBSW^^T¥®0"e$)D, 01 6&01 5©A-A^8ff®0-C$»O, 017[iil5© 

B-B^8ff®0-r^^. 01 5t«t«^— ;n*»Rt^±su^— ^^atzine.^ 
gittsns u — vm^h^n®(D^m^n^(Dm^m^m^nx^ o , 0 1 6 & 

fi£oT, 01 5~01 7 l^HTte, 0 7~09W01 1 ~0 1 3 
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0i5~0i7 iz&^x. 7 o itm^vu^m^±\zmmm^nrcmmmm<DT^ 

— 7 0±.\zz.<DTffiz/—)V\*m7 0 <h«mW^SilbT« 

±\zmmznrt*——>tn&j&2tircTMRmmit* 1 2 3«tmr«ji#7 2s^iijp 
1 2 7 ±\zmmm&2ntt#m.&m*mzj:&w&t&m<D±m¥* y?m. 1 
2 4tt±au^^yy«i 2 3±tcz:©±sp^^y^si 2 3 immw^#iibT«jg^ 

F/Vf 7X1, 7 6 teTMRi|*JI#: 7 2 ##fcLfc^(MK:33V>TTaP^— K«7 0© 

e»^snfcoaau, 7 7 ttpaau 7 6 rt^c«5iB:#:t^^^**i^63i^•c^$nfc^ 1 <d 
mmommftm* 7 8teTa&->-;i/Kjf 7 o±k, tsb^ 7 irotmr**;!**: 

7 2$®0i^M$nfc»tlJ;5ii4 i t7^I 1 1 2 7ttTMR||ft7 2** 

ttTSBv"- ;P 7 0 c^W^^tlfcil 1 ©»»#JH, 8 0 «*&|§rt=* y ^I7 8± 
^oT±Wt7^il 2 3^±^>'-JVHIl 2 4©ftffl£J^£ftfc^2©*&» 

I Bister, ■zziz, 8 i ^^t^v-^fs7 oizn^mzmm^nr^mi 

1q IltD'J- FS#:, 8 3\tm 10'J-Hi#8 2 1 ©*8f 

^ «11 (S^c/N° 7 H), 8 4 tt— $ffij&*±8R>'— ;W Kg 1 2 4 K^CttfcgffifcSnfc^ 2 0U 
y - 8 5 2 CD U — 8 4 <0li&«fc«&W£igJffi3nfc& 2 CD 

e ' 8 6«— »^2(Dt*y^-;i/^8 5<o^m\znm.mzmm^nrcm3<DV 

3 - h'ifrft:, 8 7 «m 3 C7) ij - p&ft 8 6 <0jfi«#m^ttK:&ilft£ft&a§ 2 ©SS^«ffi 

'pfc < t *>sts&mmm. t & x . 

T8B>"- JH*J17 OR^l^v'-Jl'FI 1 2 4ta, NiFe (A°--7CK), -fe>^X 
K CoFe, C o F e N i X«C o Z r Nbf lilXli^IMtM^n?.. 
KffWu 0. 5~4/im> ^L<ttl~3/imm 

T^^-V y 7m 7 1 Rtf ±SB3=* 7 7*112 3 te, #J*J£ T a , C 

u, A 1 , Ag, Au, Ti, TiW, Rh, Cr, In, Ir, Mg, Ru, W, Zn, 
P tMnf KttRuRhMn, Xte J tnt><D&&Xffil$.ZnZ>o flgJPte, 5 — 7 0nm, 
£?£b<tel 0 — 5 0 nmT&<5>. 

tmr«i#:7 2\z&tf%Tmm&mmm (tf > hs> R^±a5gsnKtt*ies (7U 

-S) te, i^Xh!>^W5|sfrm^T^>Cl<i:^« : Sb<, 0t|*.fc£, Fe, Co, Ni, C 
oFe, NiFe, C o Z r N bXfiC o F e N i WlilX^Iil^ffl^ 6tl 
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+ » 

T^att^S (tT>K«) ©KJStt, 1-lOnm, ^L<«2~5nmt$ 

2~50nm, Jf$Ktt4~3 Onra^S, £©KJS)&W<&9i'€f5£'\s/ Klbfe 

TMRti#7 2te:fctt£ h>^Jl/AU7JBte, A 1 2 O s , NiO, GdO, MgCX 
Ta 2 0 6 , Mo0 2 , Ti0 2 XSW0 2 ^^M$n§. 0J*te, 0. 5~2nmg| 

£b<&^ 8 

TMRil#7 2£cfctt3£§ft3Bte!*IBJifci:. fllAfcTPtMn, RuRhMn«$ 

P m 1 Rtf8£ 2 ©jgSP©»#:« 7 7 Rtf 127, mM^r\ 7^178, fl 1 ©je»^e 

is 7 9M2©ii#l8 Ote, — IfcWKfctA 1 2 0 3 T'M^n§. 

fj ^lR^2©lfT*-;P3W*8 1R?;8 5, fg 1 , i2R^3C'J-H»#8 2, 

3 8 4 mS 8 6 , 1 mSm, 2 ©flB^fll <g$fe/t y H) 8 3 8 7(1 Cu, A 

*o k AuxaAg^msns. fc£u -w±gPx-;i/HSi 2 4tc«mw»c^ 
p ;i/HS7 0 tciHi^7 6^^^>n, fc^cii ©jijra©#6»#s 7 7**Ji«>&a:n 

5 T^*£(h, Mt^HCMR^S^7 2^#ffib^V^atC43V^Tie^^^y«7 8±^m 

tsu->-;p h»r^±sp^-;u fsibj©** /^>^ >x c Sh , e , d *vh$ < 

I 0 2 3 0 wm 2 (CADlC^^ti-^fl) T*& *K TgR^-;W FB 7 0 RZfi±W*s—)]s H 

II 2 4r^©^^/N°^^>X«C ShieId =4. 4pFTf*0, ht7S$ftf cS 
fc = 2 7 8MHzT*^L fcfcU T^>-JVHI7 O^l^y-JVHI 1 2 4f,1 

©BBBtttl 1 0 nmlr^D, f©^, A 1 2 0 3 C«J;S#6J&^^ y^I 7 8 (D^IJTO 5 
2nmlr^D, W, 1 <Z)jgiOO|fiiBfe#Ji 7 7 OlJKi 1 5 0 nmT* K) , m 2 tf>jiin<£>#» 

flcJIl 2 7©BU*t> 1 5 0 nim?&*K U — H^^tTTMR^x^ F£>igtriteRHGA = 1 
3 0QT^§o j£an<Z>«68MWi 7 7R^1 2 7 £iS!ttfc^*8fl5©«^ C ShIeld = 
10. 2pF^D, f c = l 2 0MHzT^§^f>, *HI«<knH C ShieId 
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z<Dm3(DmmMm\z&tfz>^<Dtti<Dmm. *m mm. ^mm^w^.mmm\z^ 
ffi&mw-t&mmm'v&K), ^Tz\n^o)m^m^x^^mmm(DTURmMmm^^\y 

iff, m 1 8 afc^Tck^t', TglSy-Jl'HI? OMIU^-->mo 
0 1 8 bK^T^tC, f ©±CA 1 2 0 3 f:J:§iifrIMb, 
^^^cboT^S^TO'fkL.T, 0 1 8 c KI^T^^UI 1 ©^17 9&&m-?Z> 0 

2<D^^vu^^w\z^n^yw>>'—)v^m7 0(D—wmnvtc, mi sdcstot 

U >^£*t5 d^tcfcD, m 1 8 e^-Tct-5t, TMRiI#:7 2 0#ftU < j:^ 

teste :fctt3~ra->--;p hs 7 o kuhbb i 6 ^^$n^o 

ei i 8 f iz^~?£.?izJt<D±\zA 1 2 o 3 iz&z>m&fcm&j$mvfc'&. mi 

P mmfam&m^-t&o cupmm^n-oz\tiz^-Dxmm^Mi[:vx, mis 

| hl:*trt< v D3g|5 7.6l^ltii^jA^tlfciiin<7)^#:a7 7 £f#3„ 
i -?-<Z)^ HI 1 8 i (C^T=fc -5 TgP->-;i^ H17 0 <D0r^&g^ TnB^-V y ^Jl 7 
# l^ClllTMRiift? 2Mt^c #Ct>T» 0 1 8 j IZ^T ct -5 TMRi 
m&7 2 £A°^-->^bT^gB&££JMU Tffi : ¥ J rv7°m7 l^TMRilft 
7 2 ©^fl9©TSB^— ;i/ HI7 0, II <BilJinG>«&*#« 7 7 RtfSI 1 ©IfflBtffcJg 7 9 ± 

5j 1 2 o 3 iz^^mm^^yy°m7 8 £/&m-r£ 0 

C3 #^T, A-FT^y MB7 5 (016) SJgJ&bfc^ -€"CD±^ bW&&W. 

#CV*T?, EI 1 8 1 \Zm-t^oiZ^r(D±\ZA 1 2 O s t<fcSl6S#S^IRbfc^ 01 
8m^^-r=t^tC, U 7 Ht7MI^TL^yX b/^-> 1 5 ORtf^©±©^ 

7 7°17 8±tC^$nfcm2©3iJnO#fi»#:Bl 2 7 

il8nll^ti9i:, TMRiI#7 2 Rtfl 2 0>^fln©ilftS#« 1 2 7± 
H±Mt7 7ll 2 3Rtf_tgB~>-;H*JBl 2 4§MtS^(I^nf.±^t^7° 
1123 R^±aB'>— ;P h'112 4 ©MMOl&grt 1 * yy°M7 S RZSm 2 ©jifln©*6»# 
Si 2 7 ±f3 A 1 2 0 3 fc«fc5^2©*&iBtfWB8 

bfc#^JfiJ^I6lc:*ttSl 2<D X ) — FSMfr 8 4 m$Wh 2 0) t*7^-« 8 5 \Z-D 

£<bte, ±aiL/fc€-^JfiJ^IBtc43ViT«, ^t^t7 7°l7 8 R^3iJP©«M»frli 7 7, 
12 7H Al 2 0 3 tf^nT^5^ £<£g&#<D:£g|$Xte— gB£A 1 2 0 3C J;f9^« 
mcD^mmm. 0!l*.fc£S i 3 N 4 , Co-rFe 2 0 3 X(iSi0 2 Ti 
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± $ it S d t j&*pjfig £ & * o 

eisiffitsa^tcdfE-rvid^sfltjfioc p p - GMR*fmfccp p-gmr^ 

15 ffl te^fFtt^c © 15 H R © *W*fi H £ «k o T © $ ft -5 fe <£> Tft S . 
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It^olSlig (what IS CLAIMED IS: ) 

w m^fMfi&M'S'.y f. 
P 

p ^ i \zmM<DMm.m.mj}$kmmmmm,'\y f. 

6 . mmmizmm^iznm^mn^mm,m.^m^mm^mxrcm%m.m^mmm: 

mm,^y F©§g^feT»oT, T^^-^FS^^b, ffirfEfl&&ffi#i3&*fl!Jl#?&*JB 

(R$n&v>&ffifc#^TRTaB5'— ;w fjsg>— s&kihsb&msu M^bferawcii 

±gp ->~;p f ® z>z\t t -r z> mm.&mjjmmmmm^ v f w^it^^o 
\ztzm<Dmm.m.iri%)%:MmmMm<^y w&m&fe. 
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8. mtmm,mmmmmm^ im&&mmt. mftm&&mm&&ts—ttv>mm 

j&j&u mmmm l m^mm^mmi^RnmtmijQ(Dmmi^m±\z^m^mmw(D±^^ y 
y°m^mmv. mtz±^vv7m±iz±ffiz/-frFm&Mm?%z\t&&m£?&&n, 

10. mtd.mm.mmmmmm^ h>wJ7ii, &b>*)wvj7m&&ts—tt 
?$m 9 \zum(Dmm.mm&wmwmm.'\ v h ©Kis^s*. 

H©$!ii^T»oT, TABS'— JWFJi&JBJjfcU fuiB^ffi^;^mB4fc/W 

13. mwm.m.m,^mmm^ h>^;wtu7it, Kh>*;wtu7/g£i*tf— *r 

14. wiBamffi^mas^, R#«te&«e&tfctr-*r<03£«&te 
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lffl7J<(D?gjfo (abstract of the disclosure) 

izmmMf&-£nfz±Ui/-)i\zm£&mKT£>K). MR&«#a*#£L&vMaiaK:*5^T 
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